. Structure of the active site model of ferric Ht c-552 (PDB code: 1YNR) used to mimic the extent of heme ruffling in A7F (left), wt (middle), and M13V and M13V/K22M (right). The structure shows the Cys12-Met13-Ala14-Cys15-His16 pentapeptide loop on the proximal side of the heme and Met61 on the distal side. The yellow, purple, red, blue, and gray tubes represent sulfur, heme iron, oxygen, nitrogen, and carbon, respectively. The hydrogen atoms are ommitted to emphasize the heme. The positions of the -and -pyrrole carbons were adjusted to change the twisting along the Fe-N Pyr bonds. 
QCC-NCA refit of the NRVS spectrum of Ht c-552 (full details).
The bands in the NRVS spectrum of 57 Fe Ht c-552 representing vibrational modes that arise from the N His -Fe-S Met axial unit, the heme and the polypeptide (especially the CXXCH segment) have recently been assigned by our group. 1 The assignment has been achieved by constructing a model of the Ht c-552 active site, comprised of the heme, the axial Met, and the CXXCH loop including the His ligand to heme. DFT was then used to calculate the force field for this model, which was subsequently refined using our Quantum Chemistry Assisted Normal Coordinate Analysis (QCC-NCA) 2 to reproduce the NRVS spectrum of wt and isotopically labeled proteins.
In this way, the experimental vibrational energies, NRVS intensities, and isotope shifts were well reproduced ( Figure 3 Despite the success in reproducing the experimental NRVS spectrum of Ht c-552 with our QCC-NCA simulation, discrepancies between the fit and the experimental data remained (see Figure 3 ). For example, the vibrational energies of the "three-band" feature in the 250-325 cm -1 region are shifted to lower energy by ~15 cm -1 compared to experiment. In addition, a weak feature at 316 cm -1 in this region is noticeable in the simulated spectrum but is absent in the experimental NRVS data. Finally, the DFT-optimized structure of the CXXCH loop in the model used in ref. 1 shows deviations from the Ht c-552 crystal structure (see below). These inconsistencies prompted us to investigate whether a more accurate model of the active site would be able to reproduce the wt NRVS data with even better accuracy, which is important to explore how the NRVS data of the mutants M13V, M13V/K22M, and A7F investigated here can be reconstructed from the wt spectrum. Thus, a model of the Ht c-552 active site with a conformation of the CXXCH loop that better mimics the protein crystal structure was generated.
In the previous model, 1 the DFT optimization of the model (required to calculate the force field)
led to a readjustment of the loop configuration such that the H-bonding distance between the Cys12 C=O group and the His16 N-H group became too long relative to the X-ray crystal structure. 3 Since the H-bonds within the CXXCH loop could be critical for the geometry of the loop, it is imperative to accurately mimic this part of the loop structure. In our new model, the CXXCH loop region was allowed to optimize while the two key H-bonds within the loop were kept within a fixed distance. This generated a Ht c-552 active-site model with a CXXCH orientation that now resembles the protein crystal structure more closely than the previous model does (Figures 1 (right) and 4) . The calculated force constants for the new model were then again refined against the experimental NRVS data on Ht c-552 including the isotopically ( 13 C, 15 N) labeled derivatives using the QCC-NCA approach. This new fit, which delivers force constants very close to those of the previous model (see Table S3 for a comparison), resulted in a redistribution of spectral intensities in the 250-325 cm -1 region, leading to an improved fit that mimics the experimental data more accurately (see Figure 3) . A condensed list of the force constants that played the most significant role in the new simulation of the NRVS data of Ht c-552 is provided in Table 2 .
As described above and shown in Figure 3 whose intensity is overestimated in the new QCC-NCA simulations is the band at 397 cm -1 . This peak is particularly sensitive to the bending modes of the porphyrin core. 1 The intensity of this band can theoretically be decreased at the expense of considerably changing one of the several in-plane bending pyrrole force constants. However, given the quasi-symmetric nature of the current model, this adjustment was avoided to retain comparable force constants among the related pyrrole in-plane bending internal coordinates (see Table S3 ). Overall, the new QCC-NCA NRVS simulation displays improved agreement with the experimental data, and forms the basis by which to analyze the NRVS data of the mutants.
Based on the agreement between the experiment and current QCC-NCA simulation, the NRVS spectrum of Ht c-552 can be assigned (see Tables S4 and S5 178 and 183,
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